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ON    TWO    COALS    FROM    CAPE    BRETON,   TIIETR   COKES 
AND  ASHES,  WITH  SOME  COMPARATIVE  ANALYSES. 

By  Henry  How,  D.C.L.,  Professor  of  Chemistry,  University  of  King's 
College,  Windsor,  Nova  Scotia. 


B< 


Since  tho  publication  of  my  report  to  the  Provincial  Government  on 
the  Mineralogy  of  Nova  Scotia,  in  18G8,  a  good  many  examinations  ot 
mineral  deposits  have  been  made,  and  in  connection  with  these,  analyses 
of  various  sorts  have  been  executed,  so  that  there  has  been  a  consider- 
able addition  to  our  knowledge  of  tho  minerals  of  the  province.  Some 
results  of  these  inquiries  have  been  published  in  tho  "  Transactions  of 
the  Nova  Scotia  Institute  ;"  in  the  Official  Reports  of  the  Provincial 
Inspector  of  Mines  ;  in  late  reports  of  tho  Geological  Survey  of  Canada ; 
some  in  "The  Coal  Fields  of  Nova  Scotia,"  a  comprehensive  paper 
contributed  to  the  Transactions  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,  by  Mr.  John  Rutherford,  in 
1870,  ■while  Inspector  of  Mines  here  :  and  some  in  "  The  Coal  Fields  and 
Coal  Trade  of  Cape  Breton,"  by  Mr.  R.  Brown,  for  many  years 
manager  of  tho  Sydney  Coal  Mines,  Cape  Breton.  It  is  more  particu- 
larly in  reference  to  some  analyses  of  mine  given  in  this  last  valuable 
historical,  scientific,  and  commercial  account  of  the  chief  mineral 
wealth  of  the  I.sland  of  Cape  Breton,  published  in  London  in  1871,  that 
I  propose  writing  upon  tho  present  occasion.  The  results  cfuotcd  by 
the  author  are  a  summary  of  the  facts  of  most  importance  in  showing 
the  commercial  value  of  two  coals,  but  there  are  some  details,  naturally 
not  dwelt  upon  in  such  a  connection,  \\liich   I  think  are  not  without 


2  FTOW   OV  TWO  COALS   FROM   CAPF  BIIETOX, 

iiitorcfit  both  from  a  scientific  and  from  a  practical  point  of  view.  Tlin 
iiniilyHos  ill  (|ni'sti()ii  were  iiiiidi-  on  (lu'  wliolc  lliickiicss  of  tlio  main 
(■icain  coal  at  Syiiiicy  Mines,  imd  on  that  of  iho  !iinf,'aii  J\[ino  foal.  In 
the  ladrr  case,  nn  cximiiniitioii  ol'  tho  conl  in  sections  of  tlie  seam,  with 
n'rereiice  to  a  known  variiition  in  qnalitics,  jravo  an  oiiportuiiity  of 
(.l)siTvinK— for  (lie  iirst  time,  I  lielii've,  taken  advantiige  of— the  dilTer- 
eiiee  in  the  (■.iiiijiiisition  (if  tho  ash  in  parts  of  the  same  seam  of  eoal. 

r.)/,v.^.— As  re<,'ards  flu-  Sydney  coal,  it  is  a  fuel  wliieh  for  more  tlian 
forty  years  has  enjoyed  a  very  hi,Lf1i  repntation  as  a  honso-coal,  wldlo 
its  vahie  as  a  steam-prodneer  has  also  been  deservedly  liij^'li  since  it 
was  first  used  as  such  in  18:58.  A  full  account  of  its  coinpositicm, 
(pialities,  and  consumption  is  given  by  Mr.  IJrown,*  from  which  1 
take  some  of  tho  details  of  my  analysis,  viz.,  these  results. 

On  CoJuug  average  Sanqilcs  of  Whole  Main  Seam  of  8ydiic7j  Coal. 


Medium. 

Total  volatile  matters 8il8 

Coke  (ash  4-32) 65'82 


100-00 


Fust. 
3?--i8 
G2  52 

100-00 


Slow. 

29-70 

70-30 

100-00 


In  all  these  cases  a  coherent  coke  was  left,  about  double  the  bulk  of 
tho  coal  taken,  and  they  are  referred  to  for  tho  purpose  of  showing 
how  the  amount  of  coko  varies  in  quantity  with  the  mode  of  producing 
it. 

Corresponding  results  were  obtained  on  tho  Lingan  coal.  Taking 
for  example,  the  middle  coal,  forming  about  ono-third  of  tho  whole 
seam,  there  were  found — 


On  Colcing  average  Samples  of  Middle  Lingan  Coal. 


Modium. 

Total  volatile  matters 30-42 

Coke  (ash  3-47)  G0-.58 


Fast. 
35-lG 

G4-84 


100-00 


100-00 


Slow. 

20-09 

73-91 

100-00 


Here,  again,  in  eacli  instance,  a  firm  coherent  coko  was  found,  of 
about  twice  the  volume  of  tho  coal ;  in  the  last  case  there  was  a  bitu- 
minous  odour  remaining.  When  heat  was  very  gradually  applied,  and 
finally  only  very  low  redness  attained,  all  gases  seemed  to  bo  expelled, 
but  there  wns  no  coke  formed,  tho  residue  was  pulverulent,  and  tlie 
quantitative  result.s  were — 

*  Cual  FiMs  and  Coal  Tnide  of  Cape  lirdon,  p.  78  et  seq. 
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THEIR  COKr,S  AN'1»  ASHES,   ETC. 
lly  e.tti-umely  slow  heutiiijr  of  Middle  LiiM'an  coal — 
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Volatile 

Powdery  re.sidne 


21-78 

7H-22 

lOiJOO 


and  no  fuHher  elianj,'e,  of  course,  was  produced  in  tho  appearance  of 
the  residue  by  npiilieiition  of  a  good  heat  to  the  closed  cnieil)Io. 

Similar  results  are  noticed  in  Hartley's  rejiorl  on  the  coal.s  and  iron 
ores  of  Pictorf  Co.,  Nova  Scotia,*  for  inslance,  as  regards  the  coal  of 

the  Acadia  Seam  at  the  Acadia  Colliery,  while  ft i  ti-VPi  to  (;8-70  per 

cent,  of  fii-tn  coko  was  obtained  by  rapiil  and  slow  coking  respectively, 
by  Bh)W  heating  a  pulverulent  mass  only  remained.  Further  (m,  in 
the  same  report  (page  3H."))  is  a  statement  which  does  not  agree  with 
the  foregoing;  in  describing  the  eouls  from  diflerent  benches  of  tho 
same  (Acadia)  seam  at  another  colliery,  it  is  .said  that  the  cokes  of  some 
"  were  all  strong  and  light,  whether  by  slow  or  rapid  heating,  thoiigli 
of  course  more  compact  with  a  slow  carbonisation."  On  this  point,  he 
states,  "  a  still  more  im[)ortant  coii.sefpienco  of  a  long-sustained  and 
liigli  heat  is  tho  condensation  and  contraction  of  the  coke  into  a  smaller 
vohuno."—(Di(t!oii<irii  of  Adx,  (jr.,  Am.  Ed.,  18".l.,  p.  4'29.) 

-l»7/c's.— There  are  not  many  published  quantitative  analyses  of  coal 
ashes,  although  general  enumerations  of  some  of  their  constituents  are 
by  no  means  uiicommon.  Such  analyses  as  are  to  be  found  are  not  all 
made  on  the  same  plan,  and  there  are  some  curious  discrejjancies  to 
which  it  may  be  useful  to  draw  attention.  The  most  complete  scries 
of  quantitative  analyses  of  the  ashes  of  bituminous  coals  was  made  by 
Mr.  J.  A.  Phillips  during  the  Admiralty  Coal  In(juiry,  and  they  aro 
given  in  the  Appendix  to  t!ie  First  Heport  on  Coals  suited  to  the  Steam 
Navy,  and  in  Mr.  J'hillips's  Metallurgy,  second  edition, p.  13(i.  There 
is  a  paper  giving  a  number  of  analyses  of  coals  from  Silesia  and  West- 
phalia, by  M.  Becker  (Ucrne  Sciriifiiiqun  ft  li'iljutn'clb',  IHI^A-,  p.  101), 
at  the  end  of  which  it  is  said,  "  Les  cendies  i  .;jj  p.as  etc  analy.sees 
quantitativement ;  cellos  des  houillus  so  ressem.  .  •  du  rcste  en  tout  ; 
elles  no  renferment  pas  d'alcalis,  niais  elles  contie.  .out  du  s(!S(piio\\(lc 
do  fer,  de  raluniine,  do  la  chaux,  de  la  siilce,  du  soufro  ct  de  Tacido 
sulfurique,  du  chlore  et  de  la  magm'.iie,  et  des  traces  d'acide  phospho- 
rique."  These  C(jnstituents  agree  pretty  closely  with,  those  recorded  by 
Phillips,  and  those  found  by  myself  in  all  the  cases  I  have  examined  ; 
but  in  Muspratt's  Chemistry  (vol.  II,  p.  7'J),  is  a  table  giving  the 
composition  of  the  ashes  of  six  Amcriean  anthracites,  and  of  one  bitu- 
minous coal  from  Qiiin's  J4un,  Piiinsylvaniii,  where  there  is  no  mention 
made  of  chlorine,  sulphuric,  or  phospiiorie  acid  ;  the  constituents  given 

*•   Omlujn  of  Cittmd'i,  Ri-jicjil  ;f  I'yoynss,  1SG3-C0,  {yp.  375,  381,  382. 
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nrc  tlio  rest  of  iliosc  jiiHt,  ninnunvtoil  from  M.  Hcokoi-'H  nccnunt,  nnd 
tlicy  iniiko  up  tlio  lUU  parts  eitlicr  without  "Iosh,"  or  with  ii  losH  iicvcr 
exceed iiif;f  I'OSS. 

Witli  icspecl  tn  sulphuric  ncid,  it  has  been  ho  penorally  received  as 
a  somowlmt  ahundant  constituent  of  coal-ash,  tliat  its  abHonee  in  tho 
Ainericiin  couls,  and  cspeeinlly  tiio  bituminous  coal,  is  remarkable.  So 
certain  has  its  presence  lx.'en  considered  to  be,  tliat  in  the  Coal  Incpnry 
above  alluded  to,  it  was,  I  remember,  the  practice,  in  estimating  tho 
Kulphur  in  tho  coal,  always  to  make  an  allowance  accordinj^  to  tho 
accepted  average  of  sulphur  as  sulphuric  acid  in  tho  ash,  and  this  I 
have  continued  in  cases  whore  a  determination  of  the  latter  has  not  been 
made.  The  variation  in  amount  is  sufllciently  large  to  niako  an  expe- 
riment desirable  in  all  cases  where  great  accuracy  is  sought ;  thus,  in 
Phillips's  analyses,  tho  quantity  of  sulphuric  acid  in  tho  ashes  of  seven 
coals  varies  from  2  2'2  to  8I58  jier  cent.,  and  in  tho  aiialy.ses  referred  to 
on  this  occasion  in  three  of  a.=h  from  coal  of  parts  of  one  scam,  I  have 
found  from  3-08  to  0115,  and  in  the  other  ash  tV4G  per  cent.  It  may  bo 
remembered  that  the  fact  of  the  .ash  containing  no  more  than  traces  of 
sulphuric  acid  was  held  to  be  an  important  fact  in  sujjport  of  tho  non-coal 
nature  of  the  Torbanehill  mineral ;  and  at  tho  Edinburgh  trial*  on  tho 
subject.  Professor  Ajiderson  stated  tho  amount  of  this  acid  ho  had 
found  in  ash  of  West  Weniyss  coal  as  2"73  per  cent.,  and  that  in  tho 
Methyl  coal  to  Ix)  "abundant;"  while  he  himself  had  detected  nono 
in  tho  Torbanitc  ash.  This  last  was  my  own  experience  when  a  piece 
from  the  centre  of  a  lump  was  selected. 

If  wo  turn  to  lime  as  a  constituent  of  coal-ash,  we  find  it  given  in  by 
no  means  small  quantity  in  all  the  analyses  by  Phillips,  viz.,  from  37 
to  12  per  cent.,  and  to  the  extent  of  from  0"85  to  5'7G  per  cent,  in  tho 
American  anthracites  before  mentioned,  but  none  is  stated  to  have  been 
found  in  the  Quin  Ilun  bituminous  coal.  On  looking  over  the  evidence 
in  the  Torbanite  trial,  I  find  some  most  curious  statements,  to  which  it 
is  worth  while  to  allude.  On  both  sides  it  was  admitted  that  tho 
amount  of  limo  in  tho  ash  of  the  disputed  mineral  was  quite  small, 
varying  from  nothing  up  to  1-3  per  cent,  in  the  four  analyses  given, 
but  it  was  shown  by  Professor  Anderson,  that  in  the  ash  of  tho  West 
Wemyss  coal,  the  amount  was  8'4G  per  cent.,  and  that  it  was  "abun- 
dant" in  that  of  the  ^Mothil  coal ;  yet  one  chemist  stated  that  the  ash 
of  tho  mineral  (in  dispute)  resembled  the  ash  of  other  coals,  being  a 
subsilicate  of  alumina,  with  peroxide  of  iron  and  traces  of  potash  and 
lime ;  and  another  distinguished  chemist  said  he  thought  there  was 
about  as  much  lime  in  the  ash  of  the  mineral  as  in  that  of  coals  gene- 
rally, and  stated  that  the  quantity  of  limo  ir  coal  is  seldom  large, 


•  Gillespie  versus  Kussel,  Report  of  Trial,  Edinburgh,  1853. 
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Holdnm  larger  than  this  (in  ash  of  mineral),  and  repeated  that  limo  is 
a  very  trifling  ingredient  in  the  uhIi  of  all  coal. 

Tho  following  are  my  results.  Tlio  Sydiu^y  main  coal  left  on  com- 
plete incineration  a  nwidue  consiHtiiig  of  red  and  white  portions;  the 
latter  were  heaviiir  tlian  tho  forriusr,  and  were  evidently  the  clay  of 
slitile  ;  tho  former  was  ferric  o.vide  in  part.  There  was  a  trace  of  sul- 
jjliurctted  hydrogen,  evolved  on  addition  of  hydrochloric  acid,  and  on 
continued  action  with  aqua  regia,  a  consiilerable  coarsely  gritty,  red- 
dish residue  remained.  Tho  liitrato  from  this  gave  a  littlo  soluble 
silica.     The  percentages  stand  as  under: — 

Anh  of  Si/(hicii  Main  Coal  {bituminous). 

Sand  and  clay,  ferruginous,  and  a  little  soluble  silica  ....     20-r)7 

Peroxide  of  iron 5l-;{;} 

Alumina 4*84 

Lime 7'r>7 

Sulphuric  acid     G'dO 

Magnesin,  undeternnned 
Phosphoric  acid,  decided  traces 
Chlorine,  traces 
Manganese,  traces 


0-23 


lUO-00 


The  top  or  roof,  middle,  and  bottom  portions  of  tho  Lingan  scam  were 
examined  separately ;  the  ash  of  the  roof  was  nearly  white,  tho  residue 
left  by  acid  consisting  of  clay  and  fine  sand  ;  that  of  tho  middle  was  still 
whiter,  and  that  of  tho  bottom  was  red,  with  white  specks  throughout, 
the  residue  left  by  acids  being  reddish  clay  and  sand.  Having  found 
in  the  former  case  that  the  amount  of  soluble  silica  was  but  small,  it 
was  disregarded,  and  it  is,  if  present  below,  included  in  the  alumina, 
as  separated  by  strong  alkali  from  peroxide  of  iron.  The  results  were 
these : — 

Ash  of  L'ufjan  Coal  (hituminoris). 


Top. 

Middle. 

Bottom. 

Wliolo  coal 
a  vera  go. 

43-07 

35-66 

9-07 

6-13 

5-73 

0-34 

79-46 
1-57 
6-08 

8-84 
3-08 

0-97 

48-62 
27-75 

4-91 
11-83 

6-52 

0-37 

57  05 

Poroxido  of  iron ■ . . .  . . 

Alumina  (and  soluble  silica  ?)   . . 

21-66 
6  69 
8-93 

Siilnliupic  acid 

5-11 

Magnesia,  imdcterniiiicd 1 

I'liosphorio  acid,  decided  traces  \ 
Chlorine,  traces    1 

0-56 

100-00 

100-00 

100  00 

100-00 

0 
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now   ON   TWO  COALS   FIKOl  CAPE   BUKToN, 


Ah  rt'gnnlH  tlio  croal  ifHcIf,  llu>  follDwint,',  quoted  from  Mr.  Brown 
(/I'c.  <•//.,  |i.  HH),  wlio  (li'Hi-rilx's  it.  us  a  llru!  (,'as-ciml,  ui'u  tlic  ruhulta 
norrcHjioiiiliny  with  tlioHu  ^'ivoii  lur  lliu  .Sydney  coal. 

Avtinvji'  irliiilr  liiirjnii  Coiil  nil.  Coki'inj. 
Mcdiiiin. 
Total  volalilo  mattfrs ;!i>-(»:{ 

Cuki)  (abh  iiuii)  (;;t;i7 


KuHt. 

Slinv. 

•M-70 

'J.vi;} 

(;(;•;$() 

7ir,7 

lOOUO  lUO-IK)  lOU'UU 

Tlio  only  other  Nova  Scotian  coal-aHh  of  whii'h  a  (luantitativo  ana- 
lyHJH  has  boon  iiiado,  and  this  Ih  but  partially  conipleto,  is  that  of  tho 
coal  of  tho  docj)  waiii  fiom  Civ^ii  Pit,  Albion  iMiiu's,  Picton  Co.  (Quali- 
tatively 1  found  in  1H(')1»,  a  ^'ood  dial  of  iiisolublo  Kiliwous  matter, 
whilo  acid  diwHolvod  pero.xide  of  iron,  alumina,  sulphuric  acid,  and  not 
a  large  amount  of  lime.  Mr.  Broome  observed  (f/r"/";///  «/  Ctuiinhi, 
1W6 — 01),  p.  ,i7'>)  7o  percent,  iu.soluble  in  hydroehloric  acid,  and  in 
solution  an  amount  of  iron  equal  to  3''.)4  per  cent,  ferric  oxide.  Tho 
coal  of  the  main  seam  at  the  wame  nunc,  from  the  Foord  Pit,  gave  nso 
in  IHG'.t  much  sandy,  insoluble  matter,  and  in  solution  much  ferric 
oxide,  and  decided  (luaiitities  of  lime  aii<l  sulpliuric  acid.  The  anidyses 
of  the  coals  themselves  I  made  are  iiuoted  in  Hartley's  report  beforo 
mentioneil  (/«■.  cit.,  o72,  tiJ'S,  '<i7'j). 

Perhaps  it  will  not  be  without  interest  if  I  give  here  some  other 
quantitative  results  on  aslies  collected  from  tho  famous  trial  bet'oro 
referred  to  (see  (tulc,  p.  /5),  and  another  source. 

Thus  Dr.  Maclagan  found  in 

Cauncl  coal  from  Balburdio 70  per  cent,  silica. 

„  „     Lcsmahagow. .     48         ,,  „ 

„  „     Capeldrae  ....      513         „  ,, 

The  nature  of  tho  other  constituents  is  not  given. 
Tho  ash  of  torbanito  afforded — 

SiOj.    AljOa.  FcA-   C'lO.  MgO.    KjO.   Na.>0.   SO3. 

5609    4001    3-24      OSt    O-IG     iiono    nono    none  =^100      T.  Anderson. 

58-51    34'75    700    undet.  undet.  084     050      —  =101-60  T.  Stoiihoiiso. 

66-70    3620    3-20      1-30    O'lO      1-20      100    tnicos  =10000  A.  W.  Hofniunn. 

55-15    3918  FeO  3-90,  alum  0-55,  COj  1-15, inoist\uT  i  ^^ooOO  G.  Wilson. 
007,  and  traces  of  SO3,  r04,  and  a  littlo  KoO  and  HaX)  J 

The  following  interesting  analyses  are  from  Wurtz  (Didluimaii-e  Je 
Chimin,  1870,  Article  "  Gaz  ")  :— 

"Boghead. — On  designe  sous  co  noni  uno  sorte  de  schisto  bitu- 
mincuso  qui  est  employee  dans  la  fabrication  du  gaz  et  dcs  huilcs 
d'eclairage.  Pay  en  douue  pour  la  composition  du  Boghead,  I'analysc 
Buivaute  : 


I) 

"1 


Mr.   nrown 

>  thu  rubulU 


Slow. 

71-r.7 

lUU'UU 
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MatiiTCs  hi(  iimini'usi'H  vl  tnircs  tic  niatirroH  a/.r)ti''CH.  .  ""OO 

Silicate  iraliimiue '1\VU{) 

(/'liaii.\,  mu^'iii'ifsio  el  tnuH's  do  sulfiiri'  de  Ut I'ti? 

Eau 0-h;) 


D'npres  O.  Mather,  le  Hofrhead  renleniu 

C.  II.  .V.  8.         HjO. 

fin\S5     OIH.')     ()7S()     oa2n     (i;)i)5 


loi )'()() 


.SiO...     Al/);,.  Fe/),     t'liO 

iiri'.i     «•,">()     1:22     n-270  =-•  iiKins" 


and,  finally,  the  ri'.siduc  of  dislilhitioM  <»('  tlie  same  lor  oil  for  VI  hours 
contains,  aceonlin^'  to  Wurtz  {Dii'l,   p.  <3;!'.>) : — 

C.  SiO...  AljO;,.     MnOaiidCivO.    F.-jO,. 

3:j-oo      :3!>70      'jo-rrj        oir,         o-KJ  =  loo-oo 

It  will  be  observed  that  there  is  a  decided  contrast  between  tho  rela- 
tive amonnts  of  th(!  constituents,  and  those  of  undisputed  coals,  and  it 
may  be  conveniently  noted  hero,  that  "almost  all  the  more  eminent 
chemists  on  the  Continent  are  agreed,  that  tho  Torbanhill  mincnil  is  a 
Hhale"  (Cheiiiiml  Nnrn,  iii,  lii'.t). 

The  substance  most  analogous  in  character  to  Torbanito  is,  perhaps, 
the  stellarito  of  New  Glasgow,  in  this  province,  which  I  originally 
described  (J'aIIii.  N.  I'hU.  Jt^l.,  July,  iHLiU)  in  lH(i(),  and  whicdihas  been 
frequently  referred  to  since  {Miiicraloiji/  i>j'  Nmui  Si'otiit,  p  'Jt,  ct  W'/. ; 
also  Trmin.  N.  S.  Jii.it.,  IHtiS — •!'.>).  sonietinu'S  (('ii'iilmjij  nf  C'lu'iili,  180:3 
—  ()t»,  p.  377,  ct  .fi'ij.)  in  connection  with  "oil-coals"  reseiid)ling  it,  found 
in  the  same  district.  The  ash  of  the  fii'st  (|ualit,y  of  mineral  consists 
essentially  of  insoluble  sandy  clay;  acid  dissolves  a  little  iron  and 
alumina,  little  or  no  lime,  traces  of  sulphuric  acid,  ami  some  little  mag- 
nesia. The  a.sli  of  the  second  quality  is  much  more  abundant,  and 
consists  chietly  of  sandy  clay,  bat  it  gives  to  acid  a  notable  amount  of 
ferric  oxide  ;  sulphuric  acid  and  lime  aic  also  present  in  decided  quantity. 
The  substance  is  called  by  Dawson  {Aciiiliini(  Ji'nln'ji/, 2nd  edition, p.  y3'J) 
"a  fossil  swamp-muck  or  mud,"  and  this  ho  speaks  of  in  another  place 
(Jour.  Ocoh  Hoc,.,  xxii,  p.  05)  as  being  the  nature  of  earthy  bitumens  and 
highly  bituminous  shales  of  the  coal-formation  generally. 

An  examination  of  somo  fire-clays  from  tho  neighbourhood  of  tlio 
New  Glasgow  locality  of  stcllarile,  afforded  me  results  (juite  similar  to 
those  from  the  ash  of  tho  mineral  ;  that  is  to  say,  besides  the  sandy  clay 
itself,  the  soluble  portion  contained  ferrous  carbonate,  ferric  oxide,  and 
alumina,  scarcely  a  trace  of  lime,  a  little  sulphuric  acid,  and  apparently 
more  magnesia,  find  this  I  have  veiy  little  doubt  would  be  found  to  bo 
the  case  with  tlie  ash  of  the  "  oil  coals"  of  the  district  generally, 
except,  of  cour.sc,  as  to  the  ferrous  carbonate. 
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